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ABSTRACT. A molecular phylogenetic study that provided good resolution of the Fagraea s.l. 
complex is the basis for constructing a new taxonomic framework in this group. The lineages 
identified showed good correspondence with other clades that represent well-established, 
recently revised genera in the tribe (Potalieae) and subtribe (Potaliinae) in terms of structure and 
statistical support (monophyly), and possessed recognisable morphological characteristics that 
were potentially synapomorphic for each monophyletic group. Generic identities are therefore 
adopted for the clades within this complex, as well as a somew hat isolated lineage, resulting in 
the definition of Fagraea Thunb. s.s.; the reapplication of Cyrtophyllwn Reinw., Picrophloem 
Blume, and Utania G.Don; and the circumscription of the new genus Liwahlania K.M.Wong & 
Sugumaran. A key to the genera of the Fagraea complex is presented and nomenclatural notes 
are provided for each genus, in order to facilitate subsequent revisions. Liwahlania cremilata 
(Maingay ex Clarke) K.M.Wong & M.Sugumaran and U. volvbilis (Wall.) M.Sugumaran are 
new f combinations. Lectotypes are selected for C. peregrimnn Reinw., F ceilanica Thunb.. 
Knhlia niorindifolia Blume, and P. javanensis Blume. 

Keywords . Cyrtophyllwn , Fagraea , Gentianaceae, Liwahlania , Malesia, Picrophloem . 
phylogenetic classification. Potalieae. Potaliinae, Racemosae , Utania 


Front clades to genera: taxonomic concepts in the Fagraea complex 

A new classification for the Fagraea Thunb. complex is proposed, based on the results 
of molecular phylogenetic analyses reported by Sugumaran & Wong (2012). In that 
study, five distinct lineages w ere clearly identified within Fagraea s.l. that were shown 
to correspond to other w ell established genera in the same tribe (Potalieae) (as treated 
by Strmve & Albert 1997, 2004; Struwe et al. 1994; Strmve et al. 2002), in terms of 
their monophyly in the molecular phylogenetic analyses as w ell as circumscription by 
potentially synapomorphic morphological characters. 

The Fagraea clade in that study, w hich includes the type species for the 
genus, F. ceilanica Thunb., is the basis of the True' Fagraea {Fagraea s.s.). Fagraea 
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crenulata Maingay ex Clarke is considered representative of a distinct lineage because 
in the molecular phylogenetic study, it was only found to associate basally with the 
Fagraea clade by chloroplast gene characteristics, but not in the ITS analysis. It is also 
morphologically quite well distinguished from Fagraea s.s. No special generic name 
has been associated with this taxon and it is the basis of the new genus Limahlania 
K.M.Wong & M.Sugumaran. 

The other clades correspond to genera resurrected from the synonymy 
of Fagraea s.l., and now reapplied to phylogenetically circumscribed entities in 
the complex. An appropriate name for the Racemosa clade of Sugumaran & Wong 
(2012) appears to be Utania G.Don, which was given to replace the illegitimate name 
Kuhlia Reinw. Don (1838) recognised one species, U. morindifolia which was later 
recombined as Fagraea morindifolia by Blume (1838). However F. morindifolia is 
a synonym of F. volnbilis Wall. (Wong & Sugau 1996), which Sugumaran & Wong 
(2012: Fig. 5) demonstrated as belonging to their Racemosa clade. This group is 
consistently monophyletic in all the analyses with different gene regions. 

Another interesting result of the study by Sugumaran & Wong (2012) is the 
paraphyly of Fagraea section Cyrtophyllum (Reinw.) Blume as defined by Leenhouts 
(1962a), which was consistently resolved as two distinct clades. Wong & Sugau 
(1996) recognised two complexes within this “section” which they differentiated by 
the exclusively axillary or terminal flowering habit. Indeed, these two complexes are 
equivalent to the distinct Gigantea and Elliptica clades, respectively, in the molecular 
analyses carried out. In the past, Ridley (1918) had regarded this “section” as a separate 
genus, i.e., Cyrtophyllum Reinw., as the species are so different, especially in their 
habit, in comparison to other epiphytic members of Fagraea s.l. For Cyrtophyllum , 
Blume (1826) had included two species, C. peregrinum Reinw. and C. speciosnm 
Blume. Subsequent classification reduced C. peregrinum to a synonym of F. fragrans 
Roxb., and C. speciosnm to synonymy under F. elliptica Roxb. (= Picrophloeus Blume 
now). The molecular analyses of Sugumaran & Wong (2012) show that F. fragrans 
falls within or is closely associated with the Gigantea clade, so that the generic name 
Cyrtophyllum is most applicable to the clade. 

In the sectional classification of Fagraea s.l. (Leenhouts 1962a), both 
Picrophloeus and Cyrtophyllum were reduced to synonymy under Fagraea section 
Cyrtophyllum. Picrophloeus was established with only one described species, P. 
javanensis Blume that was considered synonymous with F elliptica. Thus, the generic 
name Picrophloeus is applicable to the Elliptica clade. 


Characters for clades: circumscription of genera 

Sugumaran & Wong (2012) have surveyed the expression of a number of characters in 
the Fagraea complex, in comparison to other members of the Potaliinae (Anthocleista 
and Potalia). Fagraea s.s. (i.e., the Fagraea clade, and excluding F crenulata) (Fig. 
1) is distinguished by fruits that produce copious creamy pale yellowish latex in the 
epidermis and fruit wall. The rest of Fagraea s.l. have fruits that have no latex at all 
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Fig. 1 . Fagraea auriculata. A. Tree with orthotropic complexes of branches B. Each branch 
segment is potentially terminated by a cyme, here with fruits formed. C. A fruit longitudinally 
cut, revealing how easily the fruit epidermis detaches as a thin peel from the fruit wall, and 
latex oozing from the cut surface. D. Close-up of creamy pale yellowish latex oozing from 
wound following removal of a fruit calyx lobe. (Photos: K.M. Wong) 
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(Utania or the Racemosa clade, equivalent to Fagraea section Racemosae Benth., and 
also Antliocleista and Potalia (Struwe, pers. comm.)), or produce just a translucent 
gummy sap from the epidermis or wall when bruised (all others in Fagraea s.l.). Like 
Antliocleista and Potalia , Fagraea s.s. has ellipsoid-rounded seeds, contrasting with 
polygonal seed shapes found in Cyrtophylhnn , Limahlania, Picrophloeus and Utania. 
Fagraea s.s. includes not only trees, but also species that are epiphytic, hemi-epiphytic 
and scramblers (life forms that are otherwise not found in the other groups of Fagraea 
s.l. and which are rare in the Potaliinae generally). 

Limahlania (our new genus represented by Fagraea crenulata) has a number 
of unique characters in the subtribe, such as the development of prickles on the stem or 
trunk and branches (Fig. 2), and serrulate-crenulate leaf margins. It is also distinguished 
from all other taxa in the Fagraea complex, and also likely in the subtribe, by having 
Fagerlind’s growth architectural model (Halle et al. 1978; Sugumaran & Wong 2012). 
This architecture (Fig. 2) is characterised by episodic stem or trunk growth, non¬ 
equivalent vegetative axes (i.e., clear differentiation into trunk and branches), and a 
modular branching system that develops plagiotropically by substitution. In Malesia, 
the other lineages or clades in the Fagraea complex characterised by episodic growth 
and non-equivalent vegetative axes either develop according to Scarrone’s model with 
orthotropic complexes of branches ( Fagraea s.s.; the Elliptica clade or Picrophloeus) 
(Fig. 1 and 5), or Aubreville’s model with branching that is plagiotropic by apposition 
(Fig. 4) (Halle et al. 1978; Sugumaran & Wong 2012). These taxa all have a monopodial 
stem or trunk. Other (non-Malesian) taxa in the subtribe are so far documented with 
modular or sympodial stem or trunk systems (Halle et al. 1978); they include the 
African Authocleista (most species have Leeuwenberg's model) and the American 
Potalia (one species specially analysed corresponds to Chamberlain’s model which 
produces a linear sympodium giving a monocaulous habit; others, including a suite 
of poorly known species are generally observed to be monocaulous: Struwe & Albert 
2004). The apparent exception is a species of Authocleista documented with Scarrone’s 
model (Halle et al. 1978). Also, Prevost (1978) identifies Koriba's model for the New 
Caledonian F. schlechteri. 

On the other hand, Limahlania is related to Fagraea s.s. in having petiolar 
sheaths that do not or only slightly fuse at the edges, and a peltate stigma structure. 
It also resembles Fagraea s.s., Cyrtophylhnn and Picrophloeus in having a fruit 
epidermis that detaches from the fruit wall easily as a peel, unlike in Utania , where the 
epidermis does not easily detach. 

Utania (represented in the phylogenetic analyses of Sugumaran and Wong 
(2012) by the Racemosa clade) has the most potentially synapomorphic morphological 
characters among the Fagraea complex or the Potaliinae. These include a plant 
architecture (Roux's model; I lalle et al. 1978) with continuous stem or trunk growth, and 
plagiotropic branches with distichous leaf arrangement (Fig. 3): non-resinous terminal 
vegetative buds, and pendulous inflorescences. In comparison, all other members of 
the Fagraea complex or the subtribe have episodic stem or trunk growth, with either 
orthotropic complexes of branches, or branching that is plagiotropic by apposition or 
substitution. Other genera in the Potaliinae have resinous terminal vegetative buds 
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Fig. 2. Limahhmia crenulata , showing Fagerlind's tree architectural model with episodic trunk 
development (producing branches in distinct tiers) and modular branch development producing 
a plagiotropic system by substitution (each segment potentially terminated by a cyme) (Photo: 
K.M. Wong). Inset: Trunk with prickles and developing a lightly fissured bark (Photo: M. 
Sugumaran). 
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Fig. 3. Growth architecture and flowering in Utania . Arrow indicating continuous orthotropic 
stem growth in Utania volubi/is following Roux’s model, where the shoot has no marked resting 
period and stem internode lengths are generally similar; and branches are plagiotropic (Photo: 
K.M. Wong). Inset: The pendulous, elongate terminal inflorescences with very condensed side- 
branches characteristic of the genus, in another Utania species (Photo: M. Sugumaran). 
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Fig. 4. Aubreville's architectural model in Cyrtophylhun fragrans. A series of vertical brackets 
shows distinct growth episodes on the monopodial trunk along which branching intervals 
generally alternate as shorter and longer episodes. The brackets along the branch system 
show repeated branch segments that develop plagiotropically by apposition (Photo: K.M. 
Wong). Insets: (top) The inflorescences are axillary and do not terminate the grow th of branch 
segments. ( bottom ) Deeply fissured bark of adult. (Photos: M. Sugumaran). 
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Fig. 5. Picrophloeus javanensis. A. The tree architectural model of Scarrone found in this 
genus is typified by orthotropic branch complexes. B. Terminal cymes, with long-exserted 
stamens and styles in the flowers. (Photos: K.M. Wong) 
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(Struwe, pers. comm.). In structure, the Utania inflorescence is an elongate panicle 
with cymose branching (branches in several pairs, condensed, and distinctly shorter 
than the rachis). In other members of the Fagraea complex and Potaliinae, solitary 
flowers, 1-few-flowered cymes and branched cymes in which the basal branches are 
longest (nearly as long as the rachis, and mostly rebranched) occur. In addition, Utania 
fruits (like those of Anthocleista or Potalia ; Struwe, pers. comm.) do not produce 
any latex, whereas those of other members of the Fagraea complex do. As explained 
above, Utania also has polygonal seeds, as in other members of the Fagraea complex 
except for Fagraea s.s. itself (which, like other Potaliinae, have ellipsoid-rounded 
seeds). 

Cyrtophyllum (the Gigantea clade in the phylogenetic resolution of the 
Fagraea complex) and Picrophloeus (Elliptica clade in the same resolution) have 
superficial resemblance because of their small flowers and much-protruding stamens 
and styles (Fig. 5), compared to other groups, which generally have bigger flowers 
as well as less exserted stamens and styles. The only clear morphological distinction 
between these two genera is an important one: axillary inflorescences in Cyrtophyllum 
and terminal inflorescences in Picrophloeus (Fig. 4 and 5). Wong & Sugau (1996) had 
recognised these two groups as distinct complexes within the section Cyrtophyllum 
but even earlier, Ridley (1923) had accepted the group with axillary inflorescences (the 
Gigantea clade) as the distinct genus, Cyrtophyllum. 


Key to genera formerly placed in Fagraea s.l. 

la. Inflorescences axillary. Trees with episodic stem / trunk growth, developing a 
wave-like sympodial branch system with successively higher orders of outwardly 
directed, then upturned, (indeterminate) branch segments (plagiotropy by 

apposition). Cyrtophyllum 

b. Inflorescences terminal. Trees, shrubs, scramblers or hemi-epiphytes with 
continuous or episodic stem / trunk growth; branches plagiotropic or orthotropic, 
if developing a wave-like sympodial branch systems then the branch segments 
truly modular (determinate).2 

2a. Stem / trunk growth continuous. Leaf arrangement on branches distichous. 
Vegetative terminal buds not resinous. Inflorescence a pendulous flowering cyme 
with all branches condensed along the rachis. Surface of dried fruits firm and 

smooth, the epidermis not detaching from the pericarp. Utania 

b. Stem / trunk growth episodic. Leaf arrangement on branches decussate. Vegetative 
terminal buds covered with creamy to yellowish resin. Inflorescence without any 
branching (a solitary flower) or an erect cyme with well-developed branches. 
Surface of dried fruits wrinkled, the epidermis detaching from the pericarp.3 
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3a. Petiolar sheaths at the base of a leaf pair fully fused to form a cup-like ochrea. 
Stigma base not expanding conspicuously, the stigma capitate. Stamens and style 

exserted 40% or more from the corolla mouth. Picrophloeus 

b. Petiolar sheaths at the base of a leaf pair not fused to slightly fused at the extreme 
edges and not forming an ochrea. Stigma base expanding into a circular plate-like 
rim, the stigma appearing peltate. Stamen and style not or only slightly exserted 
from the corolla mouth.4 

4a. Stem / trunk bark becoming fissured, densely set with prickles. Leaf margin serrulate- 
crenulate. Branch system modular, developing plagiotropically by substitution to 

form a wave-like sympodial system. Seeds polygonal. Limahlania 

b. Stem / trunk with smooth bark, sometimes becoming cracking-scaly, but never 
prickly. Leaf margin entire. Branch system non-modular, developing as orthotropic 
complexes and not wave-like in structure. Seeds ellipsoid-rounded. Fagraeci 


Conspectus of genera in the complex 
1. Cyrtophyllum Reinw. 

in Hornschuch, Syll. PI. Nov. 2 (1825) 8; Blume, Bijdr. FI. Ned. Ind. (1826) 1022; 
Ridley, FI. Malay. Pen. 2 (1923) 421. TYPE SPECIES: C. peregrinum Reinw. (= C. 
fragrans (Roxb.) DC.). 

Distribution. Bengal, Indo-China, Malay Peninsula, Sumatra, Java, Borneo, Mindoro, 
Balabac, Palawan, Celebes and north-west New Guinea. Five species known. 

NOTES ON TYPIFICA TION: 

Cyrtophyllum fragrans (Roxb.) DC., Prod. 9 (1845) 31. 

Fagraea fragrans Roxb. [Hort. Beng. (1814) 84, nom. nud .], FI. Ind. ed. Wall., 2 
(1824) 32; Cammed., Bull. Jard. Bot. Btzg. Ill, 5 (1923) 318. TYPE: Hunter , Wallich 
Cat. no. I597E , ‘Tullo Penang” (holo K). 

Cyrtophyllum peregrinum Reinw. in Hornschuch, Syll. PI. Nov. 2 (1825) 9; Blume, 
Bijdr. FI. Ned. Ind. (1826) 1022. LECTOTYPE (here chosen): Reimvardt s.n., Java (L 
sheet no. 908.127-246 & barcode L0005030). 

Cyrtophyllum was established with a single species, C. peregrinum , thus clearly 
the type. The second species in Blume (1826), C. speciosum , is synonymous with 
Picrophloeus javanensis Blume (1826). 

The Wallich edition of the Flora Indica clearly mentions Hunter's collection 
from “Pullo Penang” under F. fragrans, so that the no. 1597E at Kew is the actual type. 
There is also material at De Candolle's Herbarium (GDC) numbered 1597A (from 
Martabania, Burma, not taken as type material) and 1597C (from Penang, Malay 
Peninsula, a possible isotype). There is a specimen at the Brussels Herbarium (BR, 
barcode 0000006912710) from the Martius Herbarium, which bears an annotation 
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stating that this was from Roxburgh's Herbarium and was obtained from an auction at 
the Linnean Society of London; this is not directly attributable to Hunter as collector 
and its status as type material is uncertain. 

For lectotypification of C. peregrinum , it is to be noted that although Reinwardt 
(1825) in Homschuch (1825-1828) did not explicitly indicate a specimen together with 
the species, the article in which his taxa were enumerated. Novaplantarum indicarum 
genera , concerned the plants of Java. Thus, we have selected Reimvardt's specimen 
for this purpose. 

2. Fagraea Thunb. 

Kongl. Vetensk. Acad. Handl. 3 (1782) 132, t. 4. TYPE SPECIES: F ceilanicaTXiunb. 

Distribution. Sri Lanka. India, across Indo-China, S China and Malesia, to northern 
Australia and Polynesia. Estimated 55 species. 

NOTES ON TYPIFICA TION: 

Fagraea ceilanica Thunb., Kongl. Vetensk. Acad. Handl. 3 (1782) 132, t. 4. 
LECTOTYPE (here chosen): Thunberg s.n., “e Ceilona" (UPS no. 004308; iso UPS 
no. 004309, iso S). 

The lectotype (UPS 004308) and isolectotype at S have flowering material the 
isolectotype at UPS has fruiting material only. The Stockholm duplicate was 
annotated “Habitat in Ceylona'’ in 1778, the year Thunberg completed his Ceylon 
visit. A specimen at the Linnean Society of London Herbarium (LINN barcode no. 
LINN-HS292-1) w ithout a clear indication of collector but with Thunberg's species 
name and publication reference for this name written on it, is a possible isotype. 

3. Limahlania K.M.Wong & M.Sugumaran, gen. nov. 

Fagraeae Thunb. sensu stricto situilis sed architectura arboris , caulibus aculeis nuiltis 
brevibus, folds serrulatis-crenulatis et setninibuspolvgonalis differt. TYPE SPECIES: 
L. crenulata (Maingay ex Clarke) K.M.Wong & M.Sugumaran. 

Limahlania is distinguished from allied genera in the Fagraea complex by its 
development according to Fagerlind's architectural model (featuring episodic trunk 
growth and a modular branch system producing a wave-like sympodial series of axes), 
stem bark bearing prickles that are shed with maturity, serrulate-crenulate leaf margin, 
and polygonal seed shape. Limahlania crenulata (the Malayan malabera ), like C. 
fragrans (the tent bus u padang tree), has become a tree of some horticultural note in 
Southeast Asia, largely due to its ornamental form, beautiful blooms and adaptability 
to different site conditions. Both are botanically fascinating trees (Comer 1940; Halle 
et al. 1978; Gardner et al. 2011, sub Fagraea). 

This new genus honours Professor Lim Ah Lan, who has taught and supervised 
numerous students of plant biology at the University of Malaya, and who has been a 
most encouraging colleague throughout her long career there, completing in 2012. 
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Distribution. Malay Peninsula, Sumatra, Borneo (southwest and south Kalimantan), 
south Indo-China (Cambodia, S Vietnam). A single species. 

NOTES ON TYPIFICA TION: 

Limahlania cremdata (Maingay ex Clarke) K.M.Wong & M.Sugumaran, comb. nov. 
Fagraea cremdata Maingay ex Clarke in Hooker f., FI. Brit. Ind. 4 (1883) 83; King & 
Gamble, J. As. Soc. Beng. 74 (2) (1908) 610; Cammerloher, Bull. Jard. Bot. Btzg. Ilk 5 
(1923) 321; Ridley, FI. Malay. Pen. 2 (1923) 420; Leenhouts, FI. Males. I, 6 (2) (1962) 
324; Kochummen, Tree FI. Malaya 2 (1973) 271; Wong & Sugau, Sandakania 8 (1996) 
59. TYPE: Maingay s.n., Malacca (K). 

Fagraeafastigiata auct. non Blume (1838): Ridley, J. Str. Br. R. As. Soc. 30 (1897) 167 
pro parte, cjuoad Ridley 7552 . 

The original description in Hooker's publication only identifies the geographical 
provenance as “Malacca" tor a Maingay collection without indicating number. The 
unnumbered sheet at K which was accessible to Clarke and Hooker is taken as type. 
At least two numbered Maingay specimens (1032, 2976) of this species exist at other 
herbaria (Leenhouts 1962b), so these are not considered type material, although 
conceivably the notes in Hooker could have meant a representation of this species 
via a number of Maingay’s collections from Malacca, including both numbered and 
unnumbered material. 

4. Picrophloeus Blume 

Bijdr. FI. Ned. Ind. (1826) 1019. TYPE SPECIES: P. javanensis Blume. 

Distribution. Sumatra, Java, Malay Peninsula, Borneo, Celebes, Maluku, New Guinea. 
Four species. 

NOTES ON TYPIFICA TION: 

Picrophloeus javanensis Blume, Bijdr. FI. Ned. Ind. (1826) 1020. LECTOTYPE (here 
chosen): Blume sm., Java (L: 908.127-201, barcode L0005006). 

Blume (1826) provided a brief description in Latin for the genus Picrophloeus but 
not the species P. javanensis , which was the sole species listed. A single description, 
or descriptio generico-specifica , for valid publication of both a genus and species, is 
accepted according to Article 42.1 of the Vienna Code (McNeill et al. 2006), when the 
genus has but a single species, at least at the time of description. Under the species, 
Blume stated “?/? sylvis altioribus mantis SalaP\ which is attributable to the specimen 
Blume , Java at the Leiden Herbarium (L: sheet no. 908.127-201). Therefore the genus 
name Picrophloeus and the species P javanensis are to be regarded as validly published. 

5. Utania G.Don 

Gard. Diet. 4 (1838) 663. TYPE SPECIES: U. morindifolia (Blume) G.Don (= U. 
volubilis (Wall.) M.Sugumaran). 
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Kuhlia Reinw. ex Blume, Bijdr. FI. Ned. Ind. (1826) 777, nom. Meg., non Kunth 
(1825). Kentia Steud., Nomencl. ed. 2 (1840) 845, nom. Meg., non Blume (1838). 

Distribution. Indo-China (Cambodia, S Vietnam), the Andaman and Nicobar Islands, 
Malay Peninsula, Sumatra, Java, Borneo, Celebes, Maluku, the Philippines and New 
Guinea. Estimated 15 species. 

NOTES ON TYPIFICA TION: 

Utania volubilis (Wall.) M.Sugumaran, comb. nov. 

Fagraea volubilis Wall, in Roxb., FI. Ind. ed. Wall. 2 (1824) 36; Wong & Sugau, 
Sandakania 8 (1996) 40. TYPE: Jack, E. Bencoolen (Herb. Wallich, sheet marked 
“1600. E. Bencoolen" on bottom left) (holo K). 

Kuhlia morindifolia Blume. Bijdr. FI. Ned. Ind. (1826) 777: F morindifolia (Blume) 
Blume, Rumphia 2 (1838) 32, t. 73; U. morindifolia (Blume) G.Don, Gard. Diet. 4 
(1838) 663. LECTOTYPE (here chosen): Anon, (probably Blume), Java (L: sheet no. 
908.127-731, barcode L0005046; isolecto L: sheet no. 908.127-721; isolecto K). 

Utania was a new name for the illegitimate Kuhlia and was accompanied by a genus 
description (in English, acceptable under Article 36.1 of the Vienna Code: McNeill et 
al. 2006). Don listed a single species under his Utania as “1. K. MOR1NDAEFOLIA" 
(in error for what he should have indicated as “1. U. MORINDAEFOLIA" consistent 
with the general format of his enumeration of taxa). Under this species, he referred 
to the locality “Native of Java, at the foot of Mount Salak" and also cited “ Kuhlia 
morindaefolia Blum, bijdr. p. 777" (1826). in which there is a description. Thus Utania 
is a validly published genus name and the only one available for use in reference to 
Fagraea section Racemosae. 
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